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LR Parsing February 14, 2007
Objectives 80 Objectives

LL parsing is easy to use, but unless the grammar is just right, you
may need to perform all kinds of tedious? transformations. For this
reason, it is much more common to use LR parsing.

9
9

© o o o ©

Be able to explain how LR parsing is different than LL parsing.

Know how to generate the Characteristic Finite State Automata
for a grammar.

Know what the item sets mean.

Know how to create the LR Action and Goto tables

Know what a Shift-reduce conflict is, and how to fix it

Know what a reduce-reduce conflict is, and how to fix it
Know how to use the parse tables to generate an “execution

trace” of a parse.
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LR Parsing February 14, 2007
Definition of LR Parser 81 LR Grammars

An LR(1) Parser

# scans the text from Left to right,
# produces a Rightmost derivation,
# using 1 token of lookahead.

Contrast to an LL(1) Parser

# scans the text from Left to right,
# produces a Leftmost derivation,
# using 1 token of lookahead.
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LR Parsing
Example Parsing

Consider the grammar S — E
E — d
E—-xFEE
andtheinput* 1id » = ididid.
Resulting parse tree: g

lllinois Institute of Technology Mattox Beckman

February 14, 2007
81 LR Grammars
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LR Parsing February 14, 2007
Dueling Parsers 81 LR Grammars

S— E Input:* 1d = = 1didid
E — id

E—-xFEE

LL Parse LR Parse

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 5



LR Parsing February 14, 2007

Dueling Parsers 81 LR Grammars
S — F Input: = 1d » = 1didid
E —id
F—-xFEE
LL Parse LR Parse
g *

b
7N
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Dueling Parsers 81 LR Grammars
S— FE Input: * 1d » = 1didid
E —d
EF—xFEFE
LL Parse LR Parse
S * B
> i
TN
ild
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LR Parsing
Dueling Parsers

S— FE Input: * 1d » = 1didid
E —id
E—-xFEFE
LL Parse LR Parse
S * E >k
| |
E id
*/E/ \E
LN
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Dueling Parsers 81 LR Grammars
S —> F Input: * 1d » = 1di1did
E — id
EFE—xFEFE
LL Parse LR Parse
IS x o kX
| |
E id

E
da BN
RN
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LR Parsing
Dueling Parsers

S - F Input: * 1d » = ididid
E — 1d
F—x FEFF
LL Parse LR Parse
| | |
E id id
'ld */}3\
1
id
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Dueling Parsers 81 LR Grammars
S —> F Input: * 1d » = 1didid
E — id
EFE—xFEFE
LL Parse LR Parse
S * B E
| | TN
E id * E E
* E E id id
| / \\
1d */],E\
STy
1d 1d
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Dueling Parsers 81 LR Grammars
S —> F Input: * 1d ~ = 1didid
E — 1d
F—-xFFE
LL Parse LR Parse
] ]
E E
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LR Parsing February 14, 2007
The Goal §2 Characteristic Finite State Automaton

# We want to use a state machine to handle the LR parse for us.

Consider the simple grammar A — z y. The resulting state machine
IS:

O——0O—0

These states correspond to different stages of the production.

0. A—exy The “o” Is called “dot” or “the
1Az ey cursor’.
2. A—>zye
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LR Parsing February 14, 2007

Multiple Productions §2 Characteristic Finite State Automaton
OREORNO
_ A—zxvy y4
Consider the grammar
J A— 2z 9
0. A—ezxy To start, place the cursor at the begin-

ning of the A productions. This rep-
resents the beginning when we've re-
ceived no input. You need to include
both productions here, since we don’t
know which of the two productions we
will use.

A— ez
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LR Parsing February 14, 2007
Multiple Productions §2 Characteristic Finite State Automaton

OSECamO
A—zxvy Z

A—z 9

Consider the grammar

0. A— ez y<

A— ez If you are Iin state O and input an x, you

1. A —x ey will advance the cursor past the x to get
state 1.
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LR Parsing February 14, 2007
Multiple Productions §2 Characteristic Finite State Automaton

OSECamO
A—zxvy Z

A—z 9

Consider the grammar

0. A—ezxy
A— ez If you are In state 0 and input a z, you
1. A —x ey will advance the cursor past the z to get
State 2.
2. A—ze
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LR Parsing February 14, 2007
Multiple Productions §2 Characteristic Finite State Automaton

OSECamO
A—zxvy Z

A—z 9

Consider the grammar

0. A—ezxy

A—ez If you are in state 1 and input a y, you
1. A —z e y&= will advance the cursor past the y to get
2 A e state 3.
3. A—xvye
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LR Parsing February 14, 2007
Multiple Productions §2 Characteristic Finite State Automaton

OSECamO
A—zxvy Z

A—z 9

Consider the grammar

0. A—ezxy
A— ez
These last two states are already com-
l. A—x ey

plete, so no new states are formed.
2. A — 2z e

3. A— xy e
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LR Parsing February 14, 2007
Simultaneous Movement §2 Characteristic Finite State Automaton

y
O——O—0G)
Ay
Consider the grammar A4 — g q 2 Z @

A— a2z

0. A—ezxy To start, copy all the
A productions and
place the cursor in
front.

A—eq

A—ezxz
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LR Parsing February 14, 2007

Simultaneous Movement §2 Characteristic Finite State Automaton
ONEONRO
A—zxvy
Consider the grammar A — g . 2 2 O
A—uxz
0. A— exys= The transition from
A—egq state 0 to 1 causes
p two productions to
— oI z&= move: when we read
1. A—z ey X we could be
A parsing either xy or
e XZ.
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LR Parsing February 14, 2007

Simultaneous Movement §2 Characteristic Finite State Automaton
ORRONRO,
A—zxvy
Consider the grammar A — ¢ . 9 ‘ 9
A—xz
0. A—ezxy 1. A—z ey If we are in state O,
A e g Ay e > reading a g brings us
to state 2.
A—exz 2. A—qe
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LR Parsing

Simultaneous Movement

February 14, 2007
82 Characteristic Finite State Automaton

OSNO=NO
q Z
OO

A—zxvy
A —q

A— a2z

Consider the grammar
0. A—exy
A—eq
A—ex 2

lllinois Institute of Technology Mattox Beckman

If we are in state 1,
reading a y brings us
to state 3.

1. A—z e y&=

A—xz e 2

2. A—qe
3. A—zye
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LR Parsing February 14, 2007
Simultaneous Movement §2 Characteristic Finite State Automaton

y
O——O—0G)
Ay
Consider the grammar A4 — g q 2 Z @

A— a2z

0. A—exy 2. A—qe If we are in state 1,
reading a z brings us
to state 4. None of
Aoz 4 A—zze the remaining states
are expecting input.

A—egq 3. A—xye

1. A—x ey
A—x e z&
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Being Several Places at Once 82 Characteristic Finite State Automaton

A—-axy A

_>Z

Consider the grammar

00 A—exy A

A — ez

Normal Start Sequence: Add the initial productions.
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LR Parsing February 14, 2007
Being Several Places at Once 82 Characteristic Finite State Automaton

A—-axy A

_>Z

Consider the grammar

0. A— ez y A=

A — ez

1. A—»z ey A

State 0: Shift the x to make state 1.
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LR Parsing February 14, 2007
Being Several Places at Once 82 Characteristic Finite State Automaton

A—-axy A

_>Z

Consider the grammar

00 A—exy A
A — ez

1. A—-z ey A
2. A— z e

State 0: Shift the z to make state 2.
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LR Parsing February 14, 2007
Being Several Places at Once 82 Characteristic Finite State Automaton

Consider the grammar

00 A—exy A

A — ez

1. A—x e y A=
2. A— z e

State 1. Shift the y to make state 3. Note: the cursor is in front of
an A now.
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LR Parsing February 14, 2007
Being Several Places at Once 82 Characteristic Finite State Automaton

Consider the grammar

00 A—exy A
A— ez

1. A—-z ey A

2. A— z e

Because the cursor is in front of an A4 in state 3, we have to add the
initial items for A again. This operation is known as taking the
closure of the state.
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Being Several Places at Once 82 Characteristic Finite State Automaton

Consider the grammar

00 A—exy A
A— ez
1. A—-z ey A

2. A— 2 e

State 2: No input expected.
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LR Parsing February 14, 2007
Being Several Places at Once 82 Characteristic Finite State Automaton

Consider the grammar

00 A—exy A 3. A—-zxy e A=
A— ez A—ezyA

1. A—-z ey A A—ez

2. A— z e 4. A—zxyAe

State 3: Shift the A to make state 4.
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LR Parsing February 14, 2007
Being Several Places at Once 82 Characteristic Finite State Automaton

Consider the grammar

00 A—exy A
A— ez

1. A—-z ey A

2. A— z e

State 3: Shifting the x will create a state just like state 1. So we
recycle it. Note the “back arrow” in the state diagram.
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LR Parsing February 14, 2007
Being Several Places at Once 82 Characteristic Finite State Automaton

Consider the grammar

00 A—exy A
A— ez

1. A—-z ey A

2. A— z e

State 3. Same situation with shifting z, only we recycle state 2.
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LR Parsing February 14, 2007
Being Several Places at Once 82 Characteristic Finite State Automaton

Consider the grammar

00 A—exy A
A— ez

1. A—-z ey A

2. A— z e

State 4. No input expected. The automaton is complete.
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Transitive Closures §2 Characteristic Finite State Automaton
S—xAlq 0. S—ex A
A— Be S — eq

We have multiple productions this time. We only use the “start”

symbol S.
lllinois Institute of Technology Mattox Beckman LR Parsing - p. 10




LR Parsing February 14, 2007

Transitive Closures 82 Characteristic Finite State Automaton
S—xAlq 0. S—ezx A=
A— Bec S — eq
B—dAld 1. S—x e A
A—eBc¢
d B—edA
B — ed

State 0: shift x and take transitive closure to make state 1.
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LR Parsing
Transitive Closures

S—xAlq
A— Be
B—dA|d

® @

February 14, 2007

82 Characteristic Finite State Automaton

S—ex A

S — e g

S—r e A
A—eBc
B—edA
B —ed

2. 5 —qe

State 0O: shift g to make state 2.

lllinois Institute of Technology Mattox Beckman
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Transitive Closures §2 Characteristic Finite State Automaton
S—xAlq 0. S—ex A
A— Be S — eq
B—dAld 1. S—x2 e A=
OO
A— e Be
q d B—edA
9 B B — @ d
cC A 2. S—qe
G @ 3. S >z Ae

State 1: shift A to make state 3.
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LR Parsing
Transitive Closures

S—xAlq
A— Be
B—dA|d

0. S—ez A
S — egq

1. S—x e A
A— e Bce
B—edA
B —ed

2. 5—qe

3. S —zAe

State 1: shift B to make state 4.

lllinois Institute of Technology Mattox Beckman

February 14, 2007
82 Characteristic Finite State Automaton

4. A - B e ¢
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Transitive Closures §2 Characteristic Finite State Automaton
S—xAlq 0. S—ezx A 4. A—Bec
A— Bec S — egq S>. B—de A
B—de
B—dAld 1. S—z e A
Q X A A— e Bec
Amebc B—edA
q d B — ed A= —°
B — ed
9 B B — e d«
cC A 2. S—qe
G @ 3. S —zAe

State 1: shift d to make state 5. A lot happens here!
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Transitive Closures §2 Characteristic Finite State Automaton
S—xAlq 0. S—ezx A 4. A— B e c
A— Bec S — egq S>. B—de A
B —de
B—dAld 1. S—z e A
A— e Bec
A— e Be
d BHOCZA
B—edA
B — ed
B — ed
6. A— Bce
2. 5 —qe
3. 5 —xAe

State 4: shift ¢ to make state 6.
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Transitive Closures §2 Characteristic Finite State Automaton
S—xAlq 0. S—ezx A 4. A—Bec
A— Be S — ey 5. B—d e A«
B —de
B—dAld 1. S—z e A
Q X A A— e Bec
A—eBc¢
9 d B edA Boedd
B — ed
9 B B—).d
6. A— Bce
cC A 2. S—qe
/. B—dAe
G @ 3. S >z Ae

State 5: shift A to make state 7. The other shifts recycle. We are
done.
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The Algorithm &3 The Algorithm

Definition : “Create an initial item” for production A — « results In
anitem A — e ¢

1. Take all the productions for the initial state, create initial items
for them, and put them into state 1.

2. For each advancable item i we've not yet considered:
(a) Create a new state s. Suppose ¢'s cursor will advance over x.

(b) For each item ;5 in the current state which advances over x,
create new items ;' by advancing the cursor, and add ;' to s.

(c) Take the transitive closure of s.

(d) If s is already part of our set of states, discard it. Otherwise
add it and continue with the next item.
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Activity 84 Activity

Generate the Characteristic Finite State Machine for the following
grammar.

S—bAe
A— o FE
A—al
E—aN
I —-cN
N —y
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Answer 84 Activity

Answer:

0. 9 —>ebAce

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 13



LR Parsing February 14, 2007
Answer 84 Activity

Answer:

0. § —ebAes=

1. S—be Ace
A—ex E
A—exl
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LR Parsing February 14, 2007
Answer 84 Activity

Answer:

0. 9 —>ebAce

1. S —b e Ae«=
A—ex FE
A—exl

2. S —bA ec
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LR Parsing
Answer

Answer:

0. 9 —>ebAce

1. S—be Ae
A—ex &
A— ex [+

2. S —bA e c¢

3. A—x e FE
A—x e ]
E—eaN
I —ecN

lllinois Institute of Technology Mattox Beckman

February 14, 2007
8§84 Activity
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LR Parsing February 14, 2007

Answer 84 Activity
Answer:
0. S —ebAece 3 A-—1 e E
1. S—be Ae A—z e [
A—ex E E—ealN
A—exl [ —ec N

2. S —-bA e ¢ 4. S — b Ace
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LR Parsing February 14, 2007

Answer 84 Activity
Answer:
0. S—ebAe 3. A—x e EF <
1. S—be Ae A—xz e [

A—ex E E—ealN

A—exl [ —ec N
2. S —-bA e c¢ 4. S —-bAce

5 A—x F e
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Answer 84 Activity
Answer:
0. S —ebAec 3 A-—1 e FE
1. S—be Ae A—ax e [ <
A—ex E E—ealN
A—exl [ —ec N
2. S —-bA e c¢ 4. S —-bAce
5 A—x F e
6. A—xle
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LR Parsing
Answer

Answer:

0. 9 —>ebAce

1. S—be Ae
A—ex E
A—exl

2. S —-bA e c¢

3. A—x e E
A—x e ]
EF—ea N <
I —ecN

4. S—bAce

0. A—x E e

6. A—xle

lllinois Institute of Technology Mattox Beckman

February 14, 2007
8§84 Activity

(. FE—ae N
N—>oy
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LR Parsing
Answer

Answer:

0. 9 —>ebAce

1. S—be Ae
A—ex E
A—exl

2. S —-bA e c¢

3. A—x e E
A—x e ]
E—ea N
I —ec N <

4. S—bAce

0. A—x E e

6. A—xle

lllinois Institute of Technology Mattox Beckman

February 14, 2007
8§84 Activity

E—a e N
N—>oy

[ —c e N
N — ey
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Answer 84 Activity
Answer:
0. S —ebAce 3. A—z e E (. EFE—ae N
1. S—be Ae A—x e [ N — ey
A—ex F E—ea N 8 I ore N
A—exl [ —ecN
N—>oy
2. S —-bA e c¢ 4. S —bAce 9 7 uNe
5 A—x F e
6. A—xle
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LR Parsing
Answer

Answer:

0. 9 —>ebAce

1. S—be Ae
A—ex E
A—exl

2. S —-bA e c¢

lllinois Institute of Technology Mattox Beckman

3. A—x e E
A—x e ]
E—ea N
I —ecN

4. S—bAce

0. A—x E e

6. A—xle

February 14, 2007

84 Act
(. F—ae N
N — oy <=
8 [ —ce N
N—>oy
O. F—aN e
10. N -y e

LR P

ity
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Answer 84 Activity

Answer:
0. S—ebAc 3. A—z1 e E {. FE—ae N
1. S—be Ae A—xz e [ N — ey
A—ex E L—eaN 8. | -c e N «
A—exl [ —ecN
N—>oy
2.5 >bAec 4. 5—bAce 9. E—aNe
5 A—x F e 10. N — o
6. A—uwle 11. ] - cN o
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Running Example 85 Performing an LR Parse

E—E+T|T

Example Grammar: .
T — T x| int

Here is the CFSM:
Io E— e E+T I3 T — int e

E— el Ihn E—FE+ T
T — T % T — e T %
7" — e int T"— e int

L E—FE ¢ + 7T Is T —Txe

Io E—1T e l¢e E—FE+1T e
T — T e x T — T e x

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 14
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The LR Tables 85 Performing an LR Parse

# [n order to use this in a real parse, you need an extra piece of
iInformation: the LR tables.

1. E—-E + T
> BT Action Go To
3T T« State | + | * int |$ |E|T
4. T — int 0 S 3 112
11S4
2||R2|S5 R 2
3||R4| R4 R4
4 S3 6
5| R3|R3 R 3
6||R1|S5 R1

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 15



LR Parsing
Decoding the Table

© o o o

°

lllinois Institute of Technology Mattox Beckman

February 14, 2007
85 Performing an LR Parse

“S n” means to shift the token and go to state n.
“R n” means to reduce by rule n.

n” by itself means to go to state n.
A blank entry indicates an error.

Given the next input, check the table to see what action you
need to take.

When shifting, push the current state and the new token onto
the stack.

When reducing, pop the appropriate number of elements and
states off the stack and construct a new element via the rule.
Put the new element back on the stack.
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LR Parsing

February 14, 2007

Example 85 Performing an LR Parse
Action: 0 — Shift 3 Input: int ~ + Int + Int =*
State Stack: 0
Symbol Stack: Action Go To

State || + * int | $ E|T
0 S3 1|2
1S4
2 R2|S5 R 2
3| R4 | R4 R4
4 S3 6
S| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 3 — Reduce 4

State Stack: 30
Symbol Stack:

int

Input: * + Iint + Int

February 14, 2007
85 Performing an LR Parse

*

Action Go To
State || + * int | $ E\|T
0 S3 1|2
1| S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S 3 6
5| R3|R3 R 3
6|l R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 0 — Goto 2
State Stack: O
Symbol Stack:

T

int

February 14, 2007
85 Performing an LR Parse

Input: T » + 1 nt + Int

*

Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 2 — Shift 5
State Stack: 20
Symbol Stack:

T

int

Input: * + 1 nt + Int

February 14, 2007
85 Performing an LR Parse

*

Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 5 — Reduce 3
State Stack: 520
Symbol Stack:

T>I<

int

February 14, 2007
85 Performing an LR Parse

Input: + I nt + Int

*

Action Go To
State || + * int | $ E\|T
0 S3 1|2
1| S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S 3 6
5| R3|R3 R 3
6|l R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 0 — Goto 2

State Stack: O
Symbol Stack:

T
(™

int

Input: T + 1 nt + Int

February 14, 2007
85 Performing an LR Parse

*

Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 2 — Reduce 2

State Stack: 2 0
Symbol Stack:

T
(™

int

February 14, 2007
85 Performing an LR Parse

Input: + I nt + Int

*

Action Go To
State || + * int | $ E\|T
0 S3 1|2
1| S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S 3 6
5| R3|R3 R 3
6|l R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 0 — Goto 1

State Stack: O
Symbol Stack:

E

;
(™

int

Input: E + 1 nt + Int

February 14, 2007
85 Performing an LR Parse

*

Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman

LR Parsing — p. 17



LR Parsing
Example

Action: 1 — Shift 4

State Stack: 1 0
Symbol Stack:

E

;
(™

int

February 14, 2007
85 Performing an LR Parse

Input: + 1 nt + | nt

*

Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 4 — Shift 3

State Stack: 410
Symbol Stack:

E T

;
(™

int

February 14, 2007
85 Performing an LR Parse

Input: I nt + I nt =

Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 3 — Reduce 4

State Stack: 3410
Symbol Stack:
E + 1int

i
(™

int

Input: + I nt =

February 14, 2007
85 Performing an LR Parse

Action Go To
State || + * int | $ E\|T
0 S3 1|2
1| S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S 3 6
5| R3|R3 R 3
6|l R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 4 — Goto 6

State Stack: 410
Symbol Stack:

P
T int
T/ \*

int

February 14, 2007
85 Performing an LR Parse

Input: T + 1 nt =

Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 6 — Reduce 1

State Stack: 6410
Symbol Stack:

P
T int
T/ \*

int

Input: + I nt =

February 14, 2007
85 Performing an LR Parse

Action Go To
State || + * int | $ E\|T
0 S3 1|2
1| S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S 3 6
5| R3|R3 R 3
6|l R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 0 — Goto 1

State Stack: O
Symbol Stack:

E
AN
)

(Y

int

February 14, 2007
85 Performing an LR Parse

Input: E + 1 nt =

Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 1 — Shift 4

State Stack: 1 0
Symbol Stack:

E
AN
)

(Y

int

February 14, 2007
85 Performing an LR Parse

Input: + 1 nt =
Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2 R2|S5 R 2
3| R4 | R4 R4
4 S3 6
S| R3|R3 R3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 4 — Shift 3

State Stack: 410
Symbol Stack:

E
AN
)

(Y

int

_|_

February 14, 2007
85 Performing an LR Parse

Input: | nt
Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2 R2|S5 R 2
3| R4 | R4 R4
4 S3 6
S| R3|R3 R3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 3 — Reduce 4

State Stack: 3410
Symbol Stack:

E
E/—!-\T
)

(N

int

+ 1nt

February 14, 2007
85 Performing an LR Parse

Input: *
Action Go To
State || + * int | $ E\|T
0 S3 1|2
1| S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S 3 6
5| R3|R3 R 3
6|l R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 4 — Goto 6

State Stack: 410
Symbol Stack:

E T T
ANk
b

T/ \

int

February 14, 2007
85 Performing an LR Parse

Input: T =
Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 6 — Shift 5

State Stack: 6410
Symbol Stack:

E T T
ANk
b

T/ \

int

February 14, 2007
85 Performing an LR Parse

Input: *
Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2 R2|S5 R 2
3| R4 | R4 R4
4 S3 6
S| R3|R3 R3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 5 — Reduce 3

State Stack: 56410
Symbol Stack:

E A
Nl
Lok

T/ N

int

February 14, 2007
85 Performing an LR Parse

Input:
Action Go To
State || + * int | $ E\|T
0 S3 1|2
1| S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S 3 6
5| R3|R3 R 3
6|l R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 4 — Goto 6

State Stack: 410
Symbol Stack:

E + T
E/wIL\T T/ \*
S

T/ \*

int

February 14, 2007
85 Performing an LR Parse

Input: T
Action Go To
State || + * int | $ E|T
0 S 3 1|2
1S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 6 — Reduce 1

State Stack: 6410
Symbol Stack:

E + 7
E/Jr\T T/ \*
N §

T/ \*

int

February 14, 2007
85 Performing an LR Parse

Input:
Action Go To
State || + * int | $ E\|T
0 S3 1|2
1| S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S 3 6
5| R3|R3 R 3
6|l R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example

Action: 0 — Accept

State Stack: O
Symbol Stack:

//\

/I\
i
(Y

int

int

T/ \*

int

February 14, 2007
85 Performing an LR Parse

Input:
Action Go To
State || + * int | $ E\|T
0 S3 1|2
1| S4
2||R2|S5 R 2
3| R4 | R4 R4
4 S3 6
5| R3|R3 R 3
6| R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing February 14, 2007
Constructing the table 86 Follow Sets

o First, generate the CFSM.
# Add a shift or goto operation for each transition in the machine.

# When the e Is at the end of a production, you will add a reduce
rule... but where?

Ih EF—T e
Action Go To T 5T e %
State |+ |* |int |$ | E T | |4 other words, how
0 S3 1 |2 | does state 2 of this
11 S4 machine know what
2| R2[s5 R 2 to do?
3| R4 R4 RA4

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 13



LR Parsing February 14, 2007
Making the Table 87 LR Table Construction

It's easiest to make the tables while you are making the CFSM.
1. Make the First and Follow sets for the nonterminals.

2. As you make the CFSM:

(a) Looking at a terminal? Add a shift operation for that terminal
In the Action table. Put the destination state in the Goto
table.

(b) Atthe end of arule X — Y? Add a reduce operation for
each terminal in the Follow set of X.

(c) Looking at a non-terminal? Add the destination state to the
Goto table.

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 19



LR Parsing February 14, 2007

Example — Make Follow 87 LR Table Construction
l. F—-FE + T

2. E—-T

3. T — T %

4. T — int

State |+ | * |int | $

E X

T

Make the table, and add $ to Follow(FE).

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 20



LR Parsing February 14, 2007

Example — Make Follow 87 LR Table Construction
1. FE—-FE + T
2. E—T
3. T =T %
4. T — int
State |+ |* |int | $
E X X
T X
Check productions: add + to Follow(E) and * to Follow(T).

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 20



LR Parsing
Example — Make Follow

1. FE—-FE + T

2. E—T

3. T =T %

4, T — int

State |+ |* |int | $
E X X
T X | X X

February 14, 2007
87 LR Table Construction

Check endings: E ends with T, so add Follow(E) to Follow(T).

lllinois Institute of Technology Mattox Beckman
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LR Parsing
Example — Make LR Table

Ip E—eE+T | eT
T —eT x| e int
I E—FE ¢ + 7T
[2 E—1T e
T — 1T e x
I3 T — int e
Iy, BE—FE+ o7
T — e %
T — e int
Is T —T xe
l¢e E—FE +1T e
T — T e %

February 14, 2007
87 LR Table Construction

Action Go To
State || + * int | $ E|T
0 S3 1 |2
1S4
2| R2|S5 R?2
3| R4 | R4 R4
4 S3 6
5l R3|R3 R3
6|R1|S5 R1

lllinois Institute of Technology Mattox Beckman
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LR Parsing February 14, 2007
Consider this grammar: 88 Shift-Reduce Conflicts

FE — if F then F | if F then F else E
First(F) ={i f } Follow(FE) = {then, else, $}

1. E — eif F then I/ | e if F then F else E

2. F — if e EF then | if e FE then F else F
FE — e if F then F | e if F then F else F

3. F— if F e then I |if E e then F else F

4, F — if F then e F | if F then e F else F
FE — eif F then I | e if F then F else E

5. F —if Ethen FE o | if FF then F/ e else F

Activity! Make the LR Table, and think about what should happen at
State 5.

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 22



LR Parsing

Answer to Activity

Here Is the CFSM:

1.

FE —

2. I —

1.

FE —
FE —

. F —

FE —
FE —

. F —

FE —
FE —

e if Fthen /| e if F then F else F

if e F then F | if e FE then F else F
e if F then /| e if F then F else F

if £ e then I | if £ e then F else F

if F then o F|if F then e F else K
e if ' then /| e if F then F else F

if K then F o | if F then K e else F

if F then E else o L
e if Fthen F | e if F then F else E

if F/ then F else F o

lllinois Institute of Technology Mattox Beckman

February 14, 2007

88 Shift-Reduce Conflicts
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LR Parsing February 14, 2007
Answer to Activity 88 Shift-Reduce Conflicts

Here is the LR table:

Action Table
State |if |then | el se $ E
1 S2
2 S2 3
3 S4
4 S?2 5
5 R1 S6/R1|R1
6 S2 7
7 R?2 R?2 R?2

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 24



LR Parsing February 14, 2007
Shift-Reduce Conflicts 88 Shift-Reduce Conflicts

There are two ways that shift-reduce conflicts are usually handled.

1. Make a precedence rule. E.q.

EFE—F o + F
E—FE x Fe

In this example, since * has higher precedence, the reducing
rule will be used, and the shifting rule ignored.

2. When in doubt, shift. E.g.

FE — if F then F e
FE — if F then £ e else F

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 25



LR Parsing February 14, 2007

Reduce-Reduce Conflicts 88 Shift-Reduce Conflicts
S— A|B
A—zy  What will happen in the CFSM?
B—uxuy
Ip: S—eA Is: A—x ey State 4 has a
[P B — 1 ey reduce-reduce

conflict. This gram-
mar has serious
problems.

A—exy Iy: A—xye
B—exy B—xye
I[i: §S—Ae
Ir: S — Be

lllinois Institute of Technology Mattox Beckman LR Parsing - p. 26
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